De-esterification of membrane lipids and ensuing loss of membrane structural integrity are wellestablished early events of plant senescence, and the expression pattern of the senescence-induced lipase gene suggests that it may play a central role in mediating the onset of senescence. This contention is supported by experiments with transgenic Arabidopsis plants in which levels of the senescence-induced lipase protein have been reduced by expressing the lipase gene in its antisense orientation under the regulation of a constitutive promoter. T h e transgenic plants showed delayed leaf senescence and enhanced yield of seed. 
ition sn-2 were added to the prepared microsomes. After incubation for 2 h at 30 "C, the lipids were extracted and the distribution of radioactivity among lipid classes was determined. In the microsoma1 preparations of plants treated with diquat and paraquat, the amounts of fatty acids released were similar to the control, whereas they were 1.4-2 times higher in the microsomal preparation of plants treated with haloxyfop and alloxydim. Thus, the data indicate that graminicides could increase lipid catabolism in sensitive plants and that this is not a general phenomenon connected with inhibition of growth.
Introduction
Haloxyfop and alloxydim belong to the graminicides. Herbicides of this family are active against most annual and perennial grasses. It is held widely that the reason for their phytotoxicity is an inhibition of fatty acids synthesis in sensitive plants [1,2]. However, the results obtained in some studies do not fit this hypothesis [3-51, and there are still controversial questions on how graminicides kill plants.
In sensitive plants treated with graminicides, the amount of lipids per mg of fresh weight decreases. This could be due to decreased lipid synthesis and/or increased lipid catabolism. One type of enzyme involved in lipid catabolism is the phospholipases/acyl hydrolases. T h e activity of this type of enzyme was studied in control wheat plants and in haloxyfop-or alloxydim-treated plants. Further, the effects of diquat and paraquat (bipyridyl herbicides with a different mode of action to graminicides [6]) on the acyl hydrolase activities in wheat plants were investigated.
Materials and methods
Wheat (Triticum aestivum L. cv. Kadett) grains were soaked in water for approx. 16 h and sown on moist filter paper. After 48 h at 20 "C in the dark, seedlings at three-root stage, with the central root being 22-26 mm long, were selected. T h e length of the central root of some seedlings (approx. 20 in Biochemical Society Transactions (2000) Volume 28, part 6 each treatment) was measured and the seedlings were transferred to a nutrient solution (for composition, see [7] ) with additions of the substances to be tested. After 24 h at 20 "C in the dark, the length of the central root was measured again and the increase in length was used as a measurement of root growth. T h e tips (approx. 10 mm long) were cut and used for microsomal preparation according to [8] . Phosphatidyl choline (PC) or diacylglycerol (DAG) (2 nmol/sample) with various 1 -14C-labelled fatty acids [oleic (1 8 : l), linoleic (1 8 : 2), linolenic ( 1 8 : 3) or ricinoleic (Ric) acids] in position sn-2 was dispersed by sonication in the presence of 3.6 m M CHAPS and added to the microsomal fractions (1 2.5 nmol of microsomal PC/sample). After incubation for 2 h at 30 "C, the lipids were extracted and the distribution of radioactivity among lipid classes was determined ~91.
Results
T h e sensitivity of wheat towards the tested herbicides varied. Therefore, to achieve similar inhibition of root growth, different concentrations of herbicides were used. T h e chosen concentrations (data given in the Tables) inhibited growth of roots of wheat seedlings by about 50 yo compared with the control.
T h e main radioactive metabolites in the microsomal assays of both PC and DAG, with various [ 1 -14C]fatty acids in position sn-2, were non-esterified fatty acids. T h e type of fatty acid esterified in position sn-2 influenced the metabolism. Generally, the metabolism of added substrates increased with the increasing degree of unsaturation of the acyl group in position sn-2 (Tables 1 and 2 ). T h e highest activity of microsoma1 acyl hydrolase activity was observed with substrates with Ric, similar to what previously has been shown with oxidized fatty acid substrates [9] .
T h e substrate specificity of the microsomal acyl hydrolases was observed in both control and treated plants. In spite of similar substrate specificities, the acyl hydrolase activities in microsomal preparations of plants treated with both graminicides (haloxyfop and alloxydim) were 1.4-2 times higher than in the microsomes of control plants (Tables 1 and 2 ). T h e activities of acyl hydrolases in microsomal preparations of plants treated with diquat and paraquat did not differ significantly from the control, except for hydrolase activity towards P C with Ric in microsomes from diquattreated plants.
Discussion
T h e obtained data indicate that graminicides selectively increased lipid hydrolase activity in sensitive plants. T h e elevated degradation of lipids in treated plants could be toxic to the plants not only per se, but also by production of inhibitory compounds originating from polyunsaturated fatty acids, such as free radicals, jasmonic acid and ethylene. and is more pronounced in drought-sensitive in the drought-sensitive cultivar. Vupatl was cultivars. Regarding the major lipid components expressed in the baculovirus system as a fusion protein secreted in the culture medium. T h e recombinant protein displays lipolytic activity towards monogalactosyldiacylglycerol, digalactosyldiacylglycerol and sulphoquinovosyldiacylglycerols.
Key words cowpea, lipolytic acylhydrolase Abbreviations used ABA, abscisic acid 'To whom correspondence should be addressed, at Laboratoire de Biochimie et Physiologie de I'Adaptation Vegetale (e-mail rnatos(u)jussieu fr) of chloroplast membranes, the degradative process results from the action of a lipolytic acylhydrolase [ S ] , an enzyme that removes fatty acids from both sn positions. Although a few lipolytic acylhydrolases have been purified from leaves [6] [7] [8] [9] , the corresponding genes remain unknown.
Galliard et al.
[lo] first demonstrated the lipolytic acylhydrolase activity of patatin, the major reserve glycoprotein from potato tubers, which is not normally found in other organs. Recombinant patatin is especially active towards phospholipids and moderately active towards galactolipids [l 11. Proteins with sequence homology with
